Background We observed isolated tibial component debonding from the cement in one modern primary TKA design (NexGen LPS 3°tibial tray; Zimmer, Warsaw, IN, USA). This failure mechanism is sparsely reported in the literature. Questions/Purposes We (1) assessed survivorship of this tibial tray with special emphasis on debonding; (2) described clinical and radiographic features associated with tibial failure; and (3) compared patient and radiographic features of the failures with a matched cohort. Methods A total of 1337 primary TKAs were performed with a cemented NexGen LPS 3°tibial tray over an 11-year period. Twenty-five knees (1.9%) were revised for tibial debonding. BMI and radiographic alignment in the tibial debonding group were compared with a matched control group. Implant survivorship was assessed using tibial debonding as the end point. Results Survival free of revision from tibial debonding was 100% at 1 year and 97.8% at 5 years. The tibial failures shared a typical radiographic pattern with debonding at the cement-implant interface and subsidence into varus and flexion. We found no link between limb alignment or individual component alignment and failure because 22 of the 25 failures occurred in well-aligned knees. Conclusions Our standardized followup of patients undergoing TKA at routine intervals allowed us to discover a higher rate of revision resulting from tibial debonding. We have discontinued the use of this particular tibial tray for primary TKA and surveillance for patients undergoing TKA continues to be warranted. Level of Evidence Level III, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Primary TKA continues to be the gold standard for treating the painful arthritic knee with survival rates of over 90% with followup of 2 to 19 years [1, 2, 4, 5, 18-20, 26, 28] . Although revision rates remain low, the absolute numbers rise steadily [6, 12] and account for approximately 8.2% of all knee arthroplasties performed annually in the United States alone [17] .
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for the most part decreased early aseptic failure rates of the tibial or femoral components [19, 28] .
In 1997 the NexGen Legacy posterior-stabilized (LPS) prosthesis (Zimmer, Warsaw, IN, USA) was introduced as an evolution of the Insall-Burstein II PS prosthesis (Zimmer). Several metal-backed tibial implant options exist in this system for primary TKA with the most commonly used being the 3°and 7°fluted stem options. The 3°tibial tray differs from the 7°because it allows for the attachment of stem extensions and tibial augments during revision arthroplasty (Fig. 1) . The tibial tray consists of a tivanium Ti-6Al-4 V alloy that incorporates a dovetail locking mechanism for the tibial polyethylene insert [32] . Recent literature suggests survival rates of 100% at 2 to 9 years for the NexGen LPS prosthesis with no mention of tibial component problems but it is unclear which of the several available tibial designs were used in those studies [10, 16, 23] .
The NexGen LPS implant has been in use at our institution for primary TKA since 2001. Most commonly the LPS femoral component was combined with a cemented NexGen fluted 3°option tibia. In the course of routine clinical and radiographic followup, several of our surgeons noted isolated tibial component debonding from the cement mantle as a cause of failure with this design and prompted this formal review.
Our objectives were to (1) assess survivorship of the cemented LPS NexGen TKA system with a 3°fluted stem tibial tray with special emphasis on tibial component failure; (2) describe the clinical and radiographic features associated with such failure; and (3) compare patient and radiographic features in the failed group with a matched cohort whose implants had not failed.
Patients and Methods
We used the Mayo Clinic total joint registry to identify 13,028 primary TKAs performed between January 1, 2000, and October 10, 2011. We then identified 2347 Zimmer NexGen Legacy posterior-stabilized primary TKAs of which 1337 were performed with a cemented NexGen fluted 3°t ibial tray. The remaining 1010 TKAs were implanted with other tibial components also used with the NexGen system. Fifty-seven knees in 55 patients (4.3%) were revised at a median time of 38 months (range, 1-95 months) for various reasons. Aseptic loosening accounted for 44% of the revision cases followed by deep infection. From the group that were revised, 25 knees in 23 patients were revised because of aseptic debonding of the tibial component from the cement and comprise the study group (Fig. 2) . The records of these patients were reviewed for demographic characteristics and operative reports were used to note intraoperative findings during revision surgery. In this tibial debonding group, there were 16 women (two bilateral knees) and seven men. The mean age was 58 years (range, 42-77 years). The mean BMI at the time of primary TKA was 35.6 kg/m 2 (range, 24.5-45.9 kg/m 2 ). The median time to revision was 39 months (range, 13-95 months) ( Table 1 ). The minimum followup after revision surgery resulting from tibial component debonding was 1 month (mean, 1.4 years; range, 1 month to 5.5 years). None of the patients who underwent revision were lost to followup. The status of the remaining unrevised knees (including the control group) was followed through our joint registry with scheduled longitudinal followup at 3 months, 2 years, 5 years, and every 5 years thereafter. Followup was obtained with either a clinical visit (n = 625) or through a written or telephone questionnaire and radiographs (n = 546). The median followup for all unrevised and alive primary TKAs (n = 1171) was 51.7 months (range, 1-112 months). One hundred nine patients died during the followup period. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. We obtained institutional review board approval for this retrospective review.
To analyze patient clinical and radiographic characteristics associated with failure, we compared a 2:1 matched control group with the tibial debonding group. The control group included 50 patients who had the NexGen LPS with the same cemented 3°fluted stem tibial tray and were matched for age (± 10 years), sex, and surgeon. All patients in the control group had well-functioning TKAs without pain, stiffness, effusion, or signs of instability on physical examination. Knee Society scores [15] at latest followup needed to be [ 140 points and the patient was overall satisfied with the operative outcome. The median followup for the control group was 4 years (range, 12-112 months) ( Table 1) .
All surgeries were performed by one of eight surgeons specialized in adult hip and knee reconstruction. The implant choice was based on the surgeon's preference but some patients were part of an ongoing prospective randomized trial. The surgical technique differed slightly between surgeons. Simplex cement with or without antibiotics was used in all cases and the powder was warmed before cementation of components. All but one surgeon (ADH) cemented the tibial and femoral components with the same batch of cement. Two of us (RJS, DA) assessed pre-and postoperative AP and lateral radiographs for each study and control patient. The initial 300 radiographs were simultaneously reviewed by both reviewers and judged by consensus while subsequent radiographs were reviewed by one of the authors (DA). Immediate postoperative radiographs were defined as radiographs obtained within 6 months from the day of each subject's index primary TKA. Standing AP long-leg films were available as hard copies only and a goniometer was used to measure the femorotibial alignment defined as the angle created by the long axes of the femur and tibia. All other radiographs (AP, lateral) of the knees were 18-inch films that were readily available by electronic image archiving software and measurements were carried out through computerized imaging software. Radiographic measurements included femorotibial (coronal) alignment, tibial component alignment, posterior tibial slope, and femoral component extension/flexion angles. Varus alignment numbers were presented as negative values; valgus measurements had positive values. All other patient radiographs underwent review for aseptic loosening.
Continuous variables are reported as mean (SD) or median (range), and discrete variables are reported as number (percentage). Conditional logistic regression, preserving the matched nature of the data, was used to assess association of the four radiographic measures and BMI with need for revision. Results are reported as odds ratio (OR) and 95% confidence interval (CI). Assessment of survival free of revision, any and for tibial debonding, used all 1337 knees implanted with this component. Survival was estimated using the Kaplan-Meier method and associations of age, sex, and BMI with revision were made using Cox proportional hazards regression; results are reported as hazard ratio and 95% CI. All analyses were performed using SAS Version 9.3 software (SAS Institute Inc, Cary NC, USA). For a risk factor with a 10% prevalence in controls, assuming low or no correlation between cases and controls, this study had 80% power to detect an OR of greater than 5.0; for a risk factor with 25% prevalence in controls, there was 80% power to detect an OR of greater than or equal to 4.0.
Results
The survivorship free of revision for any reason with the cemented NexGen LPS 3°tibial tray was 99.1% (98.5%-99.6%) at 1 year and 95.1% (93.7%-96.6%) at 5 years (Fig. 3) . The survivorship free from tibial debonding with the cemented NexGen LPS 3°tibial tray was 100% at 1 year and 97.8% (96.7%-98.9%) at 5 years (Fig. 4) .
Revision for tibial component debonding with the cemented NexGen LPS 3°tibial tray was performed in 1.9% of knees (25 of 1337) with a median time to revision of 39 months (range, 13-95 months). In those patients who required revision for tibial debonding, the prerevision radiographs shared characteristic findings: debonding of the tibial component at the prosthesis-cement interface and subsidence of the tibial component into varus and into flexion (Fig. 5) . In some cases, radiographic documentation of debonding was present before subsequent subsidence into varus and flexion (Fig. 6) . In all cases, intraoperative findings revealed a grossly loose tibial component with most of the cement mantle still attached to the bone (Fig. 7) . No case exhibited signs of macroscopic polyethylene wear. Osteolysis involving the posterior femoral condyles was apparent in some cases and was attributed to cement debris. Using a matched control group of unrevised patients, we could not find a causative link between revision for tibial debonding and postoperative limb alignment, individual component position, or patient BMI. Although a small difference (p = 0.02) in postoperative femorotibial angle was measured in the tibial debonding group compared with the control group (+3.18 valgus versus +4.98 valgus), only three of the 25 knees in the tibial debonding group could be considered outliers (Table 2) . Similarly, although a small difference (p = 0.003) in the mean postoperative tibial component alignment was measured in the tibial debonding group compared with the control group (18 varus versus +0.48 valgus), again only three of 25 tibial components in the debonding could be considered outliers beyond 3°o f varus/valgus (Table 2 ). There was no association (p = 0.9456; OR, 1.002) of BMI and the risk of revision for tibial debonding. Number of failures and average postoperative followup differed among surgeons who had experienced at least one failure and surgeons with longer mean followup tended to have revised more patients (Table 3 ). An increased awareness of this failure mechanism has led to closer surveillance and prompted earlier revision in some patients noted by less followup time to revision. An overview of the literature denotes that tibial component debonding is a rare cause of failure in primary TKA (Table 4) .
Discussion
Several studies document survival rates of over 90% up to 19 years with modern TKA designs using a cemented metal-backed stemmed tibial tray [14, 19, 22, 26, 29] . In recent years, failure of tibial fixation has been a rare cause of revision [8, 11, 31] . In contrast, we found tibial component debonding from the cement was the most common cause of failure in over 1300 primary NexGen LPS TKAs implanted with a 3°fluted tray at the Mayo Clinic since 2001. This study has several limitations. First, it is a retrospective study that used revision surgery as the end point. As such, it may underestimate the prevalence of tibial debonding if there are some patients who are asymptomatic or have not returned for routine followup radiographs. We did review the latest available radiographs for all patients and no additional cases of tibial debonding were identified but no patients were specifically contacted as part of this study [13, 24] . Second, multiple surgeons with variation in surgical technique, volume, and experience with this specific design were involved. Whether this truly represents a limitation of the study is unclear because that variation does allow us to comment that these tibial debondings are likely independent of surgical technique with failures being noted among seven of the eight surgeons who implanted this device.
The overall survivorship that we report with this TKA design certainly is satisfactory and is very similar to what has been published previously for other primary TKA systems. What is unique to this study is that tibial component debonding accounted for the majority of failures. With the same followup, other comparable series report higher failure rates as a result of infection, for example with early loosening occurring rarely. Furthermore, this particular mode of failure, tibial debonding, has not been detected with any substantial frequency in our standardized clinical and radiographic followup of other implant designs used at our institution.
Debonding of the tibial component from the cement has been reported with other designs. One case report stated isolated tibial component debonding as a cause of failure in a patient with an Insall-Burstein TKA [7] . In a study of 557 primary press-fit condylar TKAs, 10 knees were revised as a result of aseptic loosening and osteolysis around the cemented tibial component [21] . The authors found the components were easily removed by hand indicating Fig. 7 Debonding of the tibial component leaves behind a nearly intact cement mantle attached to the proximal tibia. loosening at the metal-cement interface. Retrieval analyses demonstrated impingement of the sides of the post against the box, and the authors speculated that entrapment of the post could potentially lead to transmission of increased stresses to the modular interfaces of the tibia and could be a cause of failure [21] . We did not see changes on the polyethylene post to suggest such a failure mechanism. In a previous series of 279 primary NexGen LPS TKAs, there was no evidence of radiographic loosening or revisions of the tibial component at a mean followup of 48 months [10] . It is not clear from that article which of the several available tibial designs for this knee system was used and there may well be tibial implant design differences between these different versions that predispose to failure. For example, one series has reported a high failure rate at 17 months with a short-keeled minimally invasive version of the traditional NexGen stemmed tibial tray [9] . Both the NexGen MIS short-keeled version and the LPS 3°option stem tibial tray share the same matte surface finish and material properties (tivanium Ti-6Al-4 V alloy) [32] . However, mechanical testing has suggested that titanium alloy components such as these actually have superior bonding properties when compared with cobaltchrome implants [25] .
In this series, most patients had very few symptoms and the tibial debonding was detected at the time of routine surveillance radiographs. For a small subset of patients, their first presentation was with a catastrophic event involving marked tibial component subsidence into varus with subsequent inability to ambulate. We currently do not use this tibial implant design but continue to follow these patients through our institutional total joint arthroplasty registrybased surveillance protocol. Surveillance has recently allowed us to detect some cases of tibial debonding before subsidence of the tibial component into varus and flexion has occurred. Once debonding is demonstrated radiographically, revision surgery is recommended in an effort to minimize damage to the proximal tibial bone stock. Our detection of this clinical problem in minimally symptomatic patients underscores the importance of continued followup of all patients undergoing TKA, regardless of design, and documents the value of a total joint registry as a tool for ensuring such. It is clear that there was a cascade of events that occurred during the debonding and failure of fixation seen in this series, but the critical inciting event and the critical design differences between this tibial tray and others remain unclear to us.
At the time of revision, the polyethylene plugs used to cover the holes in the baseplate were in some cases displaced from their seated position. It is unclear however if this occurred as a result of backside wear or after the migration of these implants. The polyethylene was also loose within the tray in some cases with evidence of burnishing on the topside baseplate. This suggests failure of the locking mechanism as a possible inciting event in some. The baseplate holes used for fixation of tibial blocks and augments on the undersurface of the tibial tray are not present on some other trays in this system and may allow egress of particulate-laden fluid into the cement-implant interface. Whether this contributes to clinical failure is also unclear.
Varus alignment of the tibial component has been implicated as a cause for accelerated tibial component failure [27] . Other factors associated with increased tibial component failure include a high BMI, postoperative varus limb alignment, and ligamentous imbalance [4] . The vast majority of the failures in this study (22 of the 25 debonding cases) however occurred in knees with good femorotibial alignment and good tibial component position. Although there were slight differences in the mean alignment values between the group with tibial debonding and the controls, that difference is largely the result of two knees in one patient with both tibial varus alignment and varus femorotibial alignment. BMI was not predictive of failure with a relatively high BMI of 35 kg/m 2 noted in both the tibial debonding and the control groups. Varus limb alignment, varus tibial component position, and high BMI cannot explain more than a small fraction of these 25 cases of tibial debonding [3] .
In conclusion, our standardized institutional total joint registry-based system for clinical and radiographic followup of all patients undergoing TKA at routine intervals allowed us to discover a higher than expected rate of revision resulting from tibial debonding with the cemented NexGen LPS 3°tibial tray. Although we were unable to establish the failure mechanism of this device, we have discontinued the use of this particular tibial tray and it is clear that surveillance for all patients undergoing TKA is warranted reinforcing the need of proposed comprehensive joint registries.
